Objective: Tetrameric a 2 -macroglobulin (a 2 M), a plasma panproteinase inhibitor, is activated upon interaction with a proteinase, and undergoes a major conformational change exposing a receptor recognition site in each of its subunits. Activated a 2 M (a 2 M*) binds to cancer cell surface GRP78 and triggers proliferative and antiapoptotic signaling. We have studied the role of a 2 M* in the regulation of mTORC1 and TORC2 signaling in the growth of human prostate cancer cells.
Introduction
The ability of cancer cells to thrive in vivo depends on many factors among which are the repertoire of proteins modulating their environment. While the liver produces large amounts of the proteinase inhibitor a 2 -macroglobulin (a 2 M) it is produced by cancer cells and is linked with tumor growth [1] . a 2 M is also produced locally in tumor stromal tissue such as associated with prostate cancer [2] . It is a pan-proteinase inhibitor which reacts with tumor-derived matrix metalloproteinases and prostate specific antigen (PSA). While PSA is most closely identified with prostate cancer, it is also produced by other tumors including breast [3] . When proteinases attack the "bait region" in each of the four a 2 M subunits, thiol esters rupture and the protein undergoes a very large conformational change exposing receptor recognition sites in each subunit [4] . In addition to proteinases, exposure of a 2 M to small primary amines or ammonia, by direct attack on the thiol esters, also induces a large conformational change exposing these receptor recognition sites [4] . These activated forms are designated a 2 M*. Although GRP78 (glucose regulated protein of Mr ,78000) is primarily known as a resident endoplasmic reticulum chaperone, it appears on the cell surface of many types of malignant cells [5] [6] [7] [8] [9] [10] . Binding of a 2 M* to tumor cell surface GRP78 causes its autophosphorylation [11, 12] activating down stream pro-proliferative and anti-apoptotic signaling cascades including RAS/MAPK and PI 3-kinase/Akt [5] [6] [7] [8] [9] [10] . It has, therefore, been suggested that upregulation of cell surface GRP78 is part of the aggressive phenotype in various cancers including prostate and melanoma [8] . Consistent with this hypothesis, autoantibodies against the NH 2 -terminal domain of GPR78 appear in the sera of prostate cancer and melanoma patients where they are a biomarker of aggressive behavior [13, 14] . These antibodies are agonists which bind to the same region of GRP78 where a 2 M* binds [15] . In contrast, monoclonal antibodies directed against the carboxyl-terminal domain of GRP78 are antagonists of a 2 M* and anti-GRP78-NH 2 -terminal domain antibodies in cell culture and mice [10, 12, [16] [17] [18] [19] [20] . Based on these and other observations, we hypothesize that activated a 2 M functions like a growth factor and cell surface-associated GRP78 as a growth factor-like receptor [5] [6] [7] [8] [9] [10] .
Akt is a Ser/Thr kinase expressed as isoforms, Akt1, Akt2, and Akt3, encoded by three different genes [21] . These isoforms are nearly identical in amino acid sequence; however, their relative expression differs in various mammalian tissues [21] . Akt is the major downstream effector in the PI 3-kinase pathway and it regulates cell survival, proliferation, and metabolism. PI 3-kinase phosphorylates PIP2 to generate PIP3 which binds to Akt thus promoting its translocation to the plasma membrane where it is phosphorylated at Thr308 in the catalytic domain by PDK1 and Ser473 in the hydrophobic motif domain by mTORC2 [21] [22] [23] [24] . Phosphorylation at both these positions is required for full activation of Akt1. Akt1 is also phosphorylated co-translocationally at Thr450 in the ''turn'' motif by mTORC2 [25] [26] [27] . The turn motif phosphorylation of Akt is essential for newly synthesized Akt to assume its proper folding and stability. Mutations of RAS which activate Akt, occur in ,30% of epithelial tumors and Akt gene amplification also occurs in a subset of human cancers. In addition, partial ablation of Akt is sufficient to inhibit the development of tumors in PTEN +/2 mice [28, 29] . In clinical specimens of prostate cancer the overexpression and activation of Akt1 is associated with high pre-operative PSA levels, higher Gleason grades, and shorter disease relapse times [29] [30] [31] [32] . Immunohistochemical studies show a greatly enhanced staining of p-Akt S473 in poorly differentiated prostate cancer [29, 32] . Mammalian target of rapamycin (mTOR), an evolutionarily conserved Ser/Thr kinase, is a key regulator of Akt phosphorylation (see reviews [33] [34] [35] [36] [37] , and references therein). There is growing interest in targeting mTOR in the treatment of cancers such as prostate [28, 33, 34, 36, 37] . This goal may be complicated by the fact that mTOR is present in two physically and functionally distinct protein complexes designated as mTORC1 and mTORC2, respectively (see reviews [33] [34] [35] [36] [37] , and references therein). These two complexes differ in their regulation, downstream targets, and sensitivity to the inhibitor rapamycin. mTORC1 is a homodimer containing mTOR Raptor, and GbL; it is sensitive to rapamycin. Activated mTORC1 promotes cell growth in part by directly phosphorylating the translational regulators S6-Kinase and eIF4E binding protein (4EBP) (35) . Aktinduced phosphorylation of PRAS40 and Deptor causes their dissociation from Raptor and promotes recruitment of its downstream substrates S6-Kinase1 and 2, 4EBP1, and 4EBP2 (see reviews [33] [34] [35] [36] [37] and references therein). Binding of RhebNGTP to mTORC1 results in mTORC1 activation, while binding to RhebNGDP in its inhibition. Phosphorylation of TSC2 by Akt1 inhibits its GTPase activity leading to increased GTP loading on Rheb and consequent increase in mTORC1 activity (see reviews [33] [34] [35] [36] [37] and references therein). S6-Kinase regulates mTORC1 through a negative feedback signaling pathway that phosphorylates IRS and inhibits PI 3-kinase and Akt activation. The mTORC2 complex, in addition to mTOR, contains Rictor, GbL, Deptor, Protor, and mSIN1 and is insensitive to acute rapamycin inhibition (see [33] [34] [35] [36] [37] and references therein). However, prolonged mTORC2 exposure to rapamycin inhibits mTORC2 in some cell types [24, [33] [34] [35] . Protor binds tightly to Rictor, but is not required for mTORC2 activity [33] [34] [35] . Both mTORC1 and mTORC2 are activated by growth factors including insulin and insulin like growth factor [33] [34] [35] . However, the mechanisms by which growth factors activate mTORC2 are not clearly understood [33] [34] [35] [36] [37] . mTORC2 associates with ribosomes and this may serve as an upstream regulatory mechanism [38, 39] . Insulin stimulation of normal and cancer cells promotes mTORC2 binding to ribosomes and PI 3-kinase signaling [38, 39] . GbL binds mTORC1 and mTORC2 near the kinase domain and is required for mTORC2 integrity. Deptor also binds to both mTORC1 and mTORC2 near the kinase domain and negatively regulates both mTORC1 and mTORC2 activity [33] [34] [35] [36] [37] .
In our earlier studies we demonstrated that a 2 M*-NH 2 binding to cell surface-associated GRP78 in prostate cancer cells triggers proliferation and anti-apoptotic signaling. Pretreatment of cells with inhibitors of these signaling pathways, pretreatment with antibodies against the carboxy-terminal domain of GRP78, or transfection of cells with dsGRP78 RNA, profoundly inhibits these signaling pathways [10, 12, [16] [17] [18] [19] [20] . Stimulation of prostate cancer cells with a 2 M* also induces synthesis of GRP78 which in part is mediated by the transcription factor TFII-I since cell transfection with dsTFII-I RNA significantly suppresses GRP78 upregulation [40] . This treatment also inhibits cell surface translocation of TFII-I, promoted calcium entry, and apoptotic signaling [40] . Stimulation of prostate cancer cells with a 2 M* also causes transcriptional and translational upregulation of PSA synthesis [10] , which is secreted and complexes with a 2 M. Treatment of cells with a 2 M-PSA complex promotes DNA and protein synthesis and upregulates RAS/MAPK and PI 3 kinase/Akt signaling pathways similar to those observed in a 2 M-NH 2 stimulated cells [10] . Like a 2 M-NH 2 , a 2 M-PSA, causes an increased expression of p-S6-Kinase, p-Akt T308 and p-Akt
S473
, the effector signaling components of activated mTORC1 and mTORC2 [10] . In view of the crucial role of mTOR signaling in tumor growth and metastasis, and our observations on a 2 M*-induced prostate cancer cells growth, cell proliferation and upregulation of PI 3-kinase/Akt signaling [6, 7, 9, 10, 12, 16, 17, 18] , we have evaluated the role of mTORC1 and mTORC2 signaling pathways in prostate cancer cells stimulated with a 2 M*. To assess the specificity of cell surface GRP78 in a 2 M*-induced signaling events, we have silenced the expression of GRP78 by RNAi as well as pretreatment of cells with antibodies against the carboxyl-terminal domain of GRP78. To determine the specificity of mTORC1 in activating its downstream substrate S6-Kinase and of mTORC2 in phosphorylating Akt S473 , we have employed Raptor and Rictor RNAi treatment, respectively. Here we show that a 2 M* activates mTORC1 kinase as determined by S6-Kinase and 4EBP1 phosphorylation and mTORC2 kinase as determined by Akt S473 phosphorylation. Silencing GRP78 gene expression by RNAi or treatment with GRP78 antibodies greatly suppressed a 2 M*-induced activation of mTORC1 and mTORC2 in these cells. These studies further demonstrate the role of circulating a 2 M, a pan proteinase inhibitor, as a growth factor and of the chaperone GRP78 as a growth factor receptor important for cellular growth in pathophysiological environments.
Materials and Methods

Materials
Culture media were purchased from Invitrogen. Receptorrecognized a 2 M* was produced by reaction of a 2 M with methylamine as described previously [9) . Antibodies against mTOR, p-mTOR S2481 , GbL, p-TSC2 33 P]-c-ATP (specific activity 3000Ci/mmol) were from Perkin-Elmer Life Sciences. Rapamycin and LY294002 were from Biomol (Plymouth, PA). All other materials were of analytical grade and were procured locally. 
Prostate Cancer Cell Lines
In an earlier report, we studied two prostate cancer lines 1-LN and DU-145, which express GRP78 on their cell surface and the PC-3 prostate cancer line, which expresses little GRP78 on its cell surface [10, 12] . The highly metastatic 1-LN cell line is derived from the PC-3 line and was a kind gift of Dr. Phillip Walther (Duke University Medical Center, Durham, NC). The PC-3 and DU-145 cell lines were obtained from the American Type Culture Collection. The 1-LN cell line was derived from a flank tumor model in which PC-3 cells were implanted in nude mice. The cells were obtained from a lymph node metastasis in these mice. Because this cell line expresses GRP78 on the cell surface and none or very little LRP, we have extensively used this line for studying the role of cell surface GRP78 in cancer cell growth. This cell line is available to any investigator who wishes to use them. Depending on the experiments, these cells were grown either in 6, 12, 24-or 48-well plates to confluence in RPMI medium containing 10% fetal bovine serum, 2 mM glutamine, 12.5 units/ml penicillin, 6.5 mg/ml streptomycin and 10 nM insulin (RPMI-S) in a humidified CO 2 (5%) incubator. At 90% confluency the medium was aspirated. The monolayers washed with ice-cold HHBSS, a fresh volume of medium added and the cells used for the experiments described below.
Determination of the Effects of a 2 M* on Protein Synthesis in 1-LN Cells 1-LN cells (300610 3 cells/well) in 48 well plates were grown in RPMI-S medium in a humidified CO 2 (5%) incubator at 37uC. At about 90% confluence, the medium was aspirated a volume of RPMI-S was added followed by the addition of either buffer or a 2 M* (50 pM). To each well was added [ 3 H] leucine (2 mCi/ml) and cells were incubated overnight. The reactions were terminated by aspirating the medium and monolayers washed thrice twice with ice-cold 5% TCA, followed by three washings with ice-cold PBS. Cells were lysed in a volume of 1 NaOH (40uC/2 h), protein was estimated and the lysates were counted in a liquid scintillation counter. In experiments where modulation of a 2 M*-induced protein synthesis was studied, cells were pretreated with the PI 3-kinase inhibitor LY294002 (20 mM/20 min), mTOR inhibitor rapamycin (100 nM/15 min) or actinomycin D (5 mg/ml/ 20 min), before adding a 2 M* (50 pM/overnight). Other details of quantifying [ 3 H] leucine incorporation into cellular proteins were as described [41] . 1-LN cells (300610 3 cells/well) in RPMI-S medium in 6 well plates were incubated as above. At 90% confluency, the medium was aspirated, a volume of RPMI-S medium added to each well. In one set of experiments, cells were stimulated with varying concentrations of a 2 M* and incubated for 30 min. In another set of studies, cells were stimulated with 50 pM of a 2 M* and incubated for various times at 37uC in a humidified CO 2 (5%) incubator. The reactions were terminated by aspirating the medium, a volume of lysis Buffer A containing 50 mM TrisNHCl (pH 7.5), 120 mM NaOH, 0.1% NP40, 25 mM sodium fluoride, 1 mM sodium pyrophosphate, 0.1 mM sodium orthovanadate, 1 mM PMSF, 1 mM benzamidine, and leupeptin (10 mg/ml) added and placed over ice for 15 min. The lysates were transferred into Eppendorf tubes and centrifuged at 1000 rpm for 5 min at 4uC to remove cell debris. The supernatants were removed to new tubes and their protein contents determined [42] . To an equal amount of protein, a volume of 46 sample buffer added, tubes boiled for 5 min and centrifuged. The samples were electrophoresed in polyacrylamide gels (12.5%, 10% or 4-20% gradient gels as required). The protein bands in gels were transferred to Hybond-P membranes and in separate experiments membranes immunoblotted with antibodies against p-mTOR S2481 , p-TSC2 T1462 , Raptor, Rictor, GbL, Rheb, p-S6-Kinase S235/236 , p-4EBP1 T37/ 46 , p-Akt T308 or p-Akt S473 for 16 h at 4uC with rotation. The detection and quantification of immunoblots for the respective antigens were performed by ECF and Storm 860 phosphorimager. The respective membranes were reprobed for the protein loading controls, unphosphorylated target protein or actin, in this and the following studies. The specificity of antibodies employed here and in the experiments described below was determined by treating the cells with non-immune antibodies and cell lysates processed as above. Under the experimental conditions, no reactivity of these controls was observed [10, 43, 44] .
Effects of 1-LN
Characterization of the Components of mTORC1 and mTORC2 Complexes in 1-LN Prostate Cancer Cells Stimulated with a 2 M* 1-LN cells (3610 6 per well in 6 well plates) incubated overnight in RPMI-S medium were washed twice with ice-cold HHBSS and a volume of RPMI-S medium added to each well. After temperature equilibration, cell in the wells were exposed to either buffer or a 2 M* (50 pM/25 min) and incubated as above. Reactions were stopped by aspirating the medium and a volume of CHAPS lysis buffer (Buffer B) containing 40 mM Hepe (pH 7.5), 120 mM NaCl, 1 mM EDTA, 10 mM sodium pyrophosphate, 10 mM b-glycerophosphate, 0.5 mM sodium orthovanadate, 0.3% CHAPS and a Roche Protease inhibitor cocktail tablet (1 tablet/10 ml) was added and cells lysed over ice for 15 min. The lysates were transferred to separate Eppendorf tubes, centrifuged (1000 rpm/5 min/4uC) and supernatants used for protein estimation and immunoprecipitation. Equal amounts of lysate protein (200-250 mg) in separate experiments were used for immunoprecipitation with Raptor antibodies (1:50, Santa Cruz Cat # sc81537), or Rictor antibodies (1:50, Santa Cruz cat # 81538) followed by the addition of 40 ml of protein A agarose and contents incubated with rotation overnight at 4uC. Raptor and Rictor immunoprecipitates were recovered by micro-centrifugation (2000 rpm/5 min/4uC) and washed twice with cold lysis buffer B. To Raptor and Rictor immunoprecipitates a volume of 46 sample buffer was added, tubes boiled for 5 min, centrifuged, electrophoresed (4-20%, 12.5% or 10% acrylamide gels), transferred to Hybond-P membranes and the membranes immunoblotted with antibodies specific for mTOR, Raptor, Rictor, GbL, mSIN1 and Protor. The protein bands on the membranes were quantified as above [43, 44] .
Assay of mTORC1 Kinase in mTOR and Raptor
Immunoprecipitates in Prostate Cancer Cells Treated with a 2 M* a 2 M*-induced activation of mTORC1 kinase in prostate cancer cells was determined in mTOR and Raptor immunoprecipitates of cells by assaying the phosphorylation of S6-Kinase1 and 4EBP1 as described earlier [43] . Briefly, 1-LN, DU-145, and PC-3 prostate cancer cells (3610 6 cells/per well in 6-well plates) incubated overnight in RPMI-S medium were washed twice with ice-cold HHBSS and a volume of RPMI-S medium added to each well. After temperature equilibration, cell in the wells were exposed to either buffer or a 2 M* (50 pM/ 25 min) and incubated as above. Reactions were stopped by aspirating the medium and a volume of CHAPS lysis buffer (Buffer B) was added and cells lysed over ice for 15 min. The lysates were transferred to separate Eppendorf tubes, microcentrifuged (1000 rpm/5 min/4uC) and supernatants used for protein estimation and immunoprecipitation. In separate experiments, equal amounts of lysate protein (200-250 mg) were used for immunoprecipitation with mTOR antibodies (1:50) or Raptor antibodies (1:50), followed by the addition of 40 ml of protein A agarose and contents incubated with rotation overnight at 4uC. mTOR and Raptor immunoprecipitates were recovered by centrifugation (2000 rpm/5 min/4uC). In experiments where anti-mTOR and -Raptor immunoprecipitates were assessed for S6-Kinase1 phosphorylation, the respective immunoprecipitates were first washed once with lysis buffer containing 10 mM TrisNHCl, pH 7.2, 0.5% sodium deoxycholate, 0.1% NP-40, 100 mM NaCl, 1 mM EDTA, 1 mM sodium orthovanadate, 2 mM DTT, 10 mg/ml leupeptin and 5 mg pepstatin followed by washing with above buffer without NP 40 and containing 1 M NaCl and then with buffer containing 50 mM TrisNHCl pH 7.2, 5 mM TrisNbase and 100 mM NaCl. The immunoprecipitates after each wash were recovered by microcentrifugation (2500 rpm/5 min/4uC). To these immunoprecipitates, 40 ml of reaction buffer containing 20 mM Hepes pH 7.2, 10 mM MgCl 2 , 50 uM ATP and 3 mg substrate peptide was added. The reactions were started by adding 5 mCi of [ 33 P] c-ATP. The contents were incubated for 15 min at 30uC in a shaking water bath. The reactions were stopped by adding a volume of 46 sample buffer and tubes boiled for 5 min, centrifuged, electrophoresed in 12.5% gel transferred to membranes and membrane autoradiographed. Phosphorylated S6-Kinase substrate peptide bands were visualized and quantified as above. In experiments where the sensitivity of mTORC1 kinase in mTOR and Raptor immunoprecipitates towards PI 3-kinase inhibitor LY294002 (20 mM/25 min) and mTORC1 inhibitor rapamycin (100 nM/15 min) was determined, the cells were pretreated with these inhibitors before stimulation with a 2 M* (50 pM/25 min/37uC) and cell lysates processed as above. Other details for autoradiographic visualization of phosphorylation of S6-Kinase substrate peptide were as above. We also determined a 2 M*-induced activation of mTORC1 kinase by assaying the phosphorylation of S6-Kinase1 in vivo in mTOR and Raptor immunoprecipitates by Western blotting. Experimentation details were identical to those described above except that to mTOR and Raptor immunoprecipitates isolated from cells treated as above, was added a volume of 46 sample buffer, tubes boiled, centrifuged, electrophoresed (12.5% gel), transferred to membrane, immunoblotted with p-S6-Kinase T235/ 236 antibody and protein bands quantitified as above. In experiments where the effect of pretreatment of cells with antibodies directed against the carboxyl-terminal domain of GRP78 on a 2 M-induced phosphorylation of S6-Kinase was determined, the antibody (3 mg/ml/60 min) was added 60 min before a 2 M* addition. Other details were as above.
Determination of mTORC1 Kinase Activity in mTOR and Raptor Immunoprecipitates Towards 4EBP1 Phosphorylation a 2 M*-induced phosphorylation of 4EBP1 in prostate cancer cells was determined in mTOR and Raptor immunoprecipitates of 1-LN, DU-145, or PC-3 cells [43] . These cells (3610 6 cells/ per well in 6 well plates) were incubated in RPMI-S medium overnight, washed twice with ice-cold HHBSS and a volume of RPMI-S medium added to each well. After temperature equilibration, cell in the wells were exposed to either buffer or a 2 M* (50 pM/25 min) and incubated as above. Reactions were stopped by aspirating the medium and a volume of CHAPS lysis buffer (Buffer B) was added and cells lysed over ice for 15 min. The lysates were transferred to separate Eppendorf tubes, micro-centrifuged (1000 rpm/5 min/4uC) and supernatants used for protein estimation and immunoprecipitation. In separate experiments, equal amounts of lysate protein (200-250 mg) were immunoprecipitated with mTOR antibodies (1:50) or Raptor antibodies (1:50), followed by the addition of 40 ml of protein G agarose and contents incubated with rotation overnight at 4uC. mTOR and Raptor immunoprecipitates were recovered by centrifugation (2000 rpm/5min/ 4uC) and washed twice with lysis buffer B and micro-centrifuged (2500 rpm/5 min/4uC). Respective immunoprecipitates were suspended in 40 ml of kinase buffer containing 10 mM Hepes pH 7.4, 50 mM NaCl, 50 mM b-glycerophosphate, 0.1 mM EDTA, 1 mM DTT, 20 mM MnCl 2 , 200 mM ATP and 4 mg PHAS. The reactions were initiated by adding 5 mCi of [ 33 P]-c-ATP, tubes incubated in a shaking water bath for 15 min at 30uC. The reactions were stopped by adding a volume of 46 sample buffer, tubes boiled for 5 min, and supernatants electrophoresed on 12.5% acrylamide gels. The protein bands were transferred to membranes and membranes autoradiographed. Phosphorylated PHAS peptide bands were visualized and quantified as above. In experiments where the sensitivity of mTORC1 kinase in mTOR and Raptor immunoprecipitates towards PI 3-kinase inhibitor LY294002 (20 mM/25 min) and mTORC1 inhibitor rapamycin (100 nM/15 min) was determined, the cells were pretreated with these inhibitors before stimulation with a 2 M* (50 pM/25 min/37uC) and cell lysates processed as above. Other details are as described above. We also determined a 2 M*-induced activation of mTORC1 kinase by assaying the phosphorylation of 4EBP1 in vivo in mTOR and Raptor immunoprecipitates by Western blotting. Experimentation details were identical to those described above except that to mTOR and Raptor immunoprecipitates isolated from cells treated as above was added a volume of 46 sample buffer added, tubes boiled, centrifuged, electrophoresed (12.5% gel), transferred to membranes, immunoblotted with p-4EBP1 T37/46 antibody, and protein bands quantified as above [43] .
Determination of a 2 M*-induced Activation of mTORC2 in mTOR and Rictor Immunoprecipitates of Cancer Cells 1-LN, DU-145, and PC-3 prostate cancer cells (3610 6 cells/ per well in 6 well plates) incubated overnight in RPMI-S medium were washed twice with ice-cold HHBSS and a volume of RPMI-S medium added to each well. After temperature equilibration, cell in the respective wells were exposed to either buffer or a 2 M* (50 pM/25 min) and incubated as above. Reactions were stopped by aspirating the medium and a volume of CHAPS lysis buffer (Buffer B) was added and cells lysed over ice for 15 min. The lysates were transferred to separate Eppendorf tubes, centrifuged (1000 rpm/5 min/4uC) and supernatants used for protein estimation and immunoprecipitation. In separate experiments, equal amounts of lysate protein (200-250 mg) were immunoprecipitated with antimTOR antibodies (1:50) or Rictor antibodies (1:50), followed by the addition of 40 ml of protein A agarose, and the contents incubated with rotation overnight at 4uC. mTOR and Rictor immunoprecipitates were washed with lysis Buffer B containing 0.5 M NaCl, and TrisNHCl (pH 7.4) supplemented with 1 mM DTT, 1 mM PMSF, and 1 mM benzamidine. The tubes were centrifugated at 2500 rpm for 5 min at 4uC. To the immunoprecipitates, 40 ml of kinase buffer containing 50 mM TrisNHCl (pH 7.5), 10 mM MgCl 2 , 1 mM DTT, 1 mM PMSF, 1 mM benzamidine and 20 mg/ml leupeptin was added followed by the addition of 30 mM of Akt S473 kinase substrate (NH 2 -RRPHFPQ-FSYSA-COOH) to the respective tubes. The peptide (NH 2 -GGEEEEYFEL VKKKKCOOH (ZAK 3 tide) served as the control. The reaction was initiated by adding 50 mM ATP and 5 mCi of [
33 P]-c-ATP in each tube and the tubes incubated for 30 min at 30uC in a shaking water bath. The reaction was stopped by the addition of 5 ml of 0.5 M EDTA in each tube, the tubes centrifuged at 3000 rpm for 3 min, 40 ml of each supernatant applied on p81 phosphocellulose paper (Whatman, NJ) allowed to dry and papers washed four times each time by immersing them in a liter of 1 M phosphoric acid for 3 min. The papers were rinsed with acetone and their radioactivity was counted in a liquid scintillation counter. In preliminary experiments the kinase activities of Akt S473 kinase towards control Zak 3 peptide were always 50-60% of buffer control. Hence, control peptide activities are not being shown. Experiments were performed to study the sensitivity of mTORC2 kinase activities in mTOR or Rictor immunoprecipitates with respect to the PI 3-kinase inhibitor LY294002 (20 mM/25 min) and the mTORC1 inhibitor rapamycin (100 nM/15 min). These cells were pretreated with these inhibitors before stimulation with a 2 M* (50 pM/25 min/37uC) and cell lysates processed as above. Other details of quantifying Akt S473 kinase activation were identical to those described above. We also determined a 2 M*-induced activation of mTORC2 in mTORs and Rictor immunoprecipitates by Western blotting. Cells incubated overnight in RPMI-S medium were treated as above [43] [44] [45] . In separate experiments equal amounts of cell lysate protein, were immunoprecipitated with anti-mTOR and Rictor antibodies as described above. To washed mTOR and Rictor immunoprecipitates a volume of 46 sample buffer was added, tubes boiled for 5 min, centrifuged, supernatants electrophoresed on 10% gel, proteins transferred to Hybond-P membranes, and membranes immunoblotted with antibodies specific for p-Akt S473 and p-Akt S473 bands detected by ECF and quantified in a Storm860 phosphorimager. Phosphorylation of Akt at Thr308 in mTOR and Rictor immunoprecipitates was also determined as above for Akt S473 except that Akt Thr308 kinase substrate peptide (NH 2 -KTFCGTPEYLAPEVRR-COOH) was used. In experiments where we determined the effect of antibodies directed against the carboxyl-terminal domain of GRP78 on a 2 M*-induced Akt S473 phosphorylation, the antibody (3 mg/ml) was added 60 min before a 2 M* addition. Other details of assaying and quantifying Akt S473 phosphorylation were as above.
The Effect of Silencing GRP78 Gene Expression by RNAi on a 2 M*-induced Activation of mTORC1 and mTORC2 Kinase Activities
To determine the requirement of cell surface GRP78 for a 2 M*-induced upregulation of mTORC1 activities, we silenced GRP78 expression by RNAi. In our earlier publications, we have used two GRP78 targeting mRNA sequences for silencing the gene expression and found identical effects on GRP78 expression as well as downstream signaling [8] . In our earlier experiments, we found that transfection of cells with GRP78 dsRNA downregulates both the total cellular GRP78 pool and cell surface-localized GRP78 by about 60-65% ( [12] and references therein). Therefore in this investigation we have used only one GRP78 targeting mRNA sequence for silencing expression of GRP78. The chemical synthesis of dsRNA homologous in sequence to the target GRP78 370KIQQLVK376 mRNA sequence 59AAA ATA CAG CAA TTA GTA AAG-39 (Swiss Prot GRP primary sequence accession number P11021) were performed by Ambion (Austin TX). For making GRP78 dsRNA sense (59-AAU ACA GCA AUU AGU AAA GTT-39) and antisense (59-CUU UAC UAA UUG CUG UAU UTT-39) oligonucleotides were annealed by Ambion. Transfection of cells with GRP78 dsRNA was performed as described [8] [9] [10] . Briefly, confluent cell monolayers (1.5610 6 cells/well in 6 well plates) were incubated as above and transfected with 75 nM annealed GRP78 dsRNA and control cells were transfected with lipofectamine as described previously [8] [9] [10] . Forty-eight h after transfection, the control cells were stimulated with either buffer or a 2 M* (50 pM/25 min). Cells transfected with scrambled dsRNA (75 nM/48 h) and treated with a 2 M* were used as the control. The reaction was terminated by aspirating the medium, and cells lysed in lysis buffer B. Equal amounts of lysate protein was immunoprecipitated with anti-Raptor antibodies. mTORC1 kinase activities in washed Raptor immunoprecipitates were determined by phosphorylation of S6-Kinase and 4EBP1. The effect of silencing GRP78 gene expression on mTORC2 kinase activity in mTOR immunoprecipitates and Rictor immunoprecipitates was also determined by assaying Akt S473 phosphorylation. To further demonstrate that a 2 M-induced phosphorylation of Akt at S473 is brought by mTORC2, we silenced Rictor gene expression by RNAi to disrupt the assembly of mTORC2 complex and thus suppress mTORC2 kinase activation. Annealed and validated small interfering RNA of the gene was purchased from Ambion (small interfering RNA ID S226002) of the sense sequence (59-39) GGG UUA GUU UAC AAU CAG Ctt and antisense (59-39) GCU GAU UGU AAA CUA ACCtt. The cancer cells were transfected with 100 nM of annealed Rictor dsRNA and control cells were transfected with lipofectamine as described previously. In preliminary experiments we found that transfection of cells with Rictor dsRNA was maximally effective at 75-100 nM and this knocked down Rictor by about 60-65% as measured by Rictor mRNA (data not shown) and protein levels. Forty eight h after transfection, the control cells were stimulated with either buffer a 2 M* (50 pM/25 min/37uC) or insulin (200 nM/15 min/ 37uC). Cells for the negative control were transfected with scrambled dsRNA (100 nM/48 h, Ambion) and then stimulated with either buffer, a 2 M* or insulin as above. The reactions were terminated by aspirating the medium and cells were lysed in a volume of Buffer B as described above. Equal amounts of lysate proteins was employed for immunoprecipitating Rictor with antiRictor antibodies. Rictor immunoprecipitates were used for measuring phosphorylation of Akt at S473. Equal amounts of lysate protein were also used for determining p-Akt S473 by Western blotting.
Measurement of S6-Kinase Phosphorylation in Raptor Immunoprecipitates of 1-LN Cells Transfected with Raptor dsRNA
To further ascertain the specificity of mTORC1 in a 2 M*-induced the phosphorylation of S6-Kinase, we silenced the expression of Raptor by RNAi, which would disrupt the assembly of mTORC1 complex and thus suppress the phosphorylation of its downstream target S6-Kinase. Insulin has been widely used in studies on mTORC1 and mTORC2 signaling in various contexts, therefore, we have used insulin as a positive control in these studies. Annealed small interfering RNA of the gene was purchased from Sigma of the sense sequence (59R39) CUC AAC AAA UCU UUG CAG At (ID#SAS1_Hs01_00048387) and antisense (59R39) UCU GCA AAG AUU UGU UGA Gets (ID #SAS1_Hs)1_ 00048387_AS. The cancer cells were transfected with 100 nM of annealed Raptor and control cancer cells were transfected with lipofectamine as described previously. In preliminary experiments we found that transfection of cells with Raptor dsRNA (100 nM/48 h) knocked down a 2 M-stimulated Raptor pool by about 60-70% as judged by its mRNA (data how shown) and protein levels. Forty eight h after transfection the control cells were stimulated with either buffer, a 2 M (50 pM/ 20 min/37uC) or insulin (200 nM/15 min/37uC). Cells for the negative control were transfected with scrambled dsRNA (100 nM/48 h, Ambion) and then stimulated with either buffer, a 2 M (50 pM/20 min/37uC) or insulin (200 nM/15 min/37uC. Equal amounts of lysate protein were used for immunoprecipitating Raptor with Raptor antibodies as described above. Raptor immunoprecipitates were used for measuring phosphorylation of S6-Kinase as described above. 
Statistical Analysis
Statistical significance of the data was determined by Students ''t'' test. P Values of 0.05 are considered statistically significant.
Results a 2 M*-induced Protein Synthesis in Prostate Cancer Cells is Rapamycin-and Wortmannin-sensitive RAS/MAPK and PI 3-kinase/Akt signaling pathways converge on mTORC complexes, thus promoting protein synthesis and progression of the cell cycle [22, [32] [33] [34] [35] [36] [37] . mTORC1 controls these processes by phosphorylating S6-Kinase and 4EBP1, its two direct down stream targets. We first evaluated the role of mTORC1 on protein synthesis in 1-LN prostate cancer cells stimulated with varying concentrations of a 2 M* and its sensitivity to the mTORC1 inhibitor rapamycin and PI 3-kinase inhibitors, wortmannin and LY294002 (Figure 1) . a 2 M* treatment of cells caused a dosedependent increase in protein synthesis which was maximal between 50-100 pM, and plateaued thereafter ( Figure 1A) . These results are similar to those we have observed on a 2 M-induced macromolecular synthesis in prior studies [6, 10, [46] [47] . Treatment of cells with the transcriptional inhibitor actinomycin D, mTORC1 inhibitor rapamycin, and PI 3-kinase inhibitors wortmannin and LY294002 before a 2 M* treatment abrogated a 2 M*-induced increase in protein synthesis in these cells ( Figure 1B) . These results show that a 2 M*-induced increase in prostate cancer cells protein synthesis is regulated by mTORC1 and not by mTORC2. These results are similar to those reported in the literature [6, 10, 46, 47] .
Upregulation of Components of the mTORC1 Complex in 1-LN Cells Treated with a 2 M*
Akt, ERK, and RSK-mediated phosphorylation of TSC2 inhibits TSC2/TSC1 complex formation ( [22, [35] [36] [37] [38] [39] and references therein). Insulin-stimulated autophosphorylation of mTOR at S2481 regulates mTOR specific autocatalytic activity, substrate phosphorylation, and cell growth and is PI 3-kinase dependent [47] . Phosphorylation of mTOR at S2448 is mediated by S6-Kinase [48, 49] . Phosphorylation of mTOR at S2446 increases upon nutrient withdrawal and decreases upon insulin stimulation [50] . Raptor is a specific and essential binding partner of mTORC1. Phosphorylation of Raptor by RSK at S327 and by mTOR at S863 enhances mTOR activity [36] whereas phosphorylation at S722 and S792 by AMPK inhibits mTORC1 activity [51] . Stimulation of prostate cancer cells with a 2 M* resulted in an increase in phosphorylation of mTOR S2481 , p-TSC2T 1462 and protein level of Raptor, Rictor, GbL, and Rheb in a 2 M* concentration-and time-dependent manner (Figure 2A and B) . The optimal increase in p-mTOR and p-TSC2 occurred in these cells at about 50-100 pM of a 2 M* and 20-25 min of incubation (Figure 2A and B) . We have previously shown that treatment of 1-LN cancer cells with a 2 M* upregulates the expression RAS-MAPK, PI 3-kinase-Akt [1, [8] [9] [10] 46] . Thus a 2 M*-induced increase in RAS-MAPK and Akt activation would promote phosphorylation of TSC2 and inhibit its activity towards the GTPNRheb causing an increase in the Rheb pool which would promote mTORC1 activation as seen in p-mTOR S2481 levels (Figure 2A and B) . These results are consistent with those reported in the literature (see [33, 35, 37, 47, 54] , and references therein). a 2 M*-stimulated Prostate Cancer Cells Express Elevates p-S6-Kinase and p-4EBP1 S6-Kinase activation is initiated by mTOR-mediated phosphorylation of T389 in the hydrophobic motif, regulating formation of a docking pocket for PDK1 which phosphorylates S6-Kinase at T229 in the catalytic activation loop [52, 53] . mTOR directly regulates the mRNA cap-binding protein eIF4E which phosphorylates eIF4E inhibitor 4EBPs. On mTOR activation, phosphorylated 4EBP1 dissociates from eIF4E allowing recruitment of eIF4G and eIF4A to the 59 end of an mRNA [35, 53] . In the next series of experiments we determined the effect of a 2 M*-induced activation of mTORC1 kinase on activation of S6-Kinase1 and 4EBP1 by determining their phosphorylation by Western blotting (Figure 3A and B) . Incubation of 1-LN cells with 50 pM of a 2 M* for varying periods of time showed peak elevated expression of both p-S6-Kinase and p-4EBP1 at about 10-20 min of incubation which declined upon longer periods of incubation ( Figure 3A) . Stimulation of 1-LN cells with varying concentrations of a 2 M* for 25 min showed peak phosphorylation of p-S6-Kinase1 and p-4EBP1 at about 50 pM of a 2 M*, which declined at higher concentrations of a 2 M* ( Figure 3B ). Thus like growth factors, binding of a 2 M* to cell surface GRP78, upregulates activation of mTORC1 kinase culminating in the activation of S6-Kinase1 and phosphorylation of 4EBP1 which promotes protein synthesis in 1-LN prostate cancer cells (Figure 1 ). a 2 M* Increases p-Akt T308 and p-Akt S473 in Prostate Cancer Cells
The mTORC2 complex is assembled by binding Rictor and mSIN1 to mTOR [54, 55] . The adaptor protein GbL binds to the kinase domain of mTOR and regulates kinase activity of mTOR and is essential for mTORC2 function [54] [55] [56] [57] [58] . In a variety of cancer cells increased levels of Rictor which, correlate with Akt S473 phosphorylation, have been observed [44, 59, 60] . In the preceding sections studies demonstrate that treatment of cancer cells with a 2 M* elevates mTOR and Rictor, the interacting proteins of the mTORC2 complex (Figure 2A and B) . The observed a 2 M*-induced increase in Rictor in 1-LN cells would positively affect mTORC2 kinase activity. We, therefore, determined expression of p-Akt T308 and Akt S473 in prostate cancer cells treated with varying concentrations of a 2 M* and incubated for 25 min or incubated for varying periods of time with 50 pM of a 2 M* ( Figure 4A and B) . a 2 M* upregulated both p-Akt T308 and p-Akt S473 maximally at about 50-100 pM of a 2 M and about 20 min of incubation ( Figure 4A and B) . The data presented in Figures 1, 2, 3 , and 4 demonstrate that like growth factors, a 2 M* activates pro-growth, pro-cell proliferative and pro-survival mTORC1 and mTORC2 signaling cascades consequent to its binding to cell surface GRP78 in prostate cancer cells.
Characterization of Components of mTORC1 and mTORC2 Complexes in 1-LN Cells Treated with a 2 M*
In subsequent studies both Raptor and Rictor immunoprecipitates were employed to assay mTORC1 and mTORC2 activities in prostate cancer cells treated with a 2 M*. Therefore, we first determined the presence of the Raptor and Rictor interacting proteins by Western blotting ( Figure 5 ). Raptor immunoprecipitates showed the presence of mTOR, Raptor, GbL but not of Rictor, mSIN1 and Protor. Rictor immunoprecipitates showed the presence of mTOR, Rictor, mSIN1, GbL, but protor and not of Raptor ( Figure 5 ). These results are similar to those previously reported [22, [33] [34] [35] [36] [37] . We have used these immunoprecipitates in studies described below. In experiments where the effect of PI 3-kinase inhibitor LY294002 and mTOR inhibitor rapamycin (100 nM/15 min) on mTORC1 kinase activation was studied, these inhibitors were added prior to a 2 M* addition ( Figure 6A-AR) . Both autoradiographic and immunoblotting results showed that indeed a 2 M*-induced increase in mTORC1 activity was sensitive to both PI 3-kinase inhibitor LY294-002 and mTOR inhibitor rapamycin ( Figure 6A -AR and IB). We have shown the requirement of cell surface expression of GRP78 in eliciting the pro-growth and pro-survival responses of a 2 M* [8] [9] [10] 12, 18, 19] . In this context, here we employed two approaches. First we knocked down the GRP78 pool by RNAi and assayed S6-Kinase and 4EBP1 phosphorylation by autoradiography and immunoblotting ( Figure 6B -AR and C-AR and 1B). Knocking down the endogenous GRP78 pool by RNAi profoundly reduced S6-Kinase and 4EBP1 phosphorylation in mTOR ( Figure 6B -AR, 1B) and Raptor immunoprecipitates both in kinase assays and by Western blotting ( Figure 6B AR and 1B and Fig. 6C-AR and 1B) . Second, we studied prostate cancer cells which express GRP78 on their cell surface namely, DU-145 and cells which do not namely, PC-3 ( Figure 6D AR) . a 2 M* treated DU-145 cells showed significant S6-Kinase and 4EBP1 phosphorylation while PC-3 cells showed no a 2 M*-induced mTORC1 activation ( Figure 6D -AR). We also assessed the requirement of cell surface GRP78 on a 2 M*-induced activation of mTORC1 activation in 1-LN cells by blocking cell surface GRP78 using antibodies against carboxy terminus of GRP78 ( Figure 6E (Figure 6 ). Full and sustained activation of S6-Kinase requires multiple growth factorsinduced phosphorylation events. S6-Kinase activation is initiated by mTORC1-mediated phosphorylation of S6-Kinase on T389 in the hydrophobic motif which results in the formation of a docking site for PDK1 which phosphorylates S6-Kinase at T229 site. We next studied the effect of silencing the expression of Raptor gene by RNAi on phosphorylation of S6-Kinase by mTOR at T389, by PDK1 at T229, and by RSK at S235/236 [59] in 1-LN cells stimulated with a 2 M* and insulin by immunoblotting ( Figure 7C ). As expected, Raptor RNAi nearly abolished a 2 M*-induced increased phosphorylation of S6-Kinase at T389, T229 and S235/236 in cancer cells treated with a 2 M* ( Figure 7C ). Thus not only inhibits mTOR-mediated S6-Kinase phosphorylation at T389, but also inhibits other kinases involved in S6-Kinase phosphorylation. These data suggest that Raptor dsRNA either limits assembly of a functioning mTORC1 complex and/or PDK1 requires its tethering to Raptor for phosphorylation of S6-Kinase at T229 sites in a multiprotein signaling complex on mTORC1 [44] . Silencing Raptor expression also suppressed phosphorylation of 4EBP1 ( Figure 7D ).
Activation of mTORC2 as Measured by Akt1
S473
Phosphorylation in Prostate Cancer Cells Stimulated with a 2 M* Stimulation of prostate cancer cells with a 2 M* causes about a twofold increase in p-Akt S473 (Figure 4 and Ref [10] ). Pretreatment of cells with PI 3-kinase inhibitors LY294002 and antibodies against carboxyl-terminal domain of GRP78 suppressed a 2 M*-induced phosphorylation of Akt1 at S473 [10] . a 2 M*-induced increase in phosphorylation of Akt1 S473 was insensitive to rapamycin [10] . In the next series of experiments, we have determined mTORC2 activity in mTOR ( Figure 8A ) and Rictor immunoprecipitates ( Figure 8B ) by quantifying the phosphorylation of Akt1 at S473 in prostate cancer cells stimulated with a 2 M*. Treatment of cells with a 2 M* elevated phosphorylation of Akt1 at both T308 and S473 by about 1.5-2 -fold in mTOR immunoprecipitates (Fig. 8A) . Increased phosphorylation of Akt1 at T308 sites was sensitive to the PI 3-kinase inhibitor and mTOR inhibitor whereas Akt1 phosphorylation at S473 was sensitive only to the PI 3-kinase inhibitor in mTOR immunoprecipitates ( Figure 8A ). Since the mTOR immunoprecipitate would contribute to both mTORC1 and mTORC2 activities, we next determined mTORC2 activity in Rictor immunoprecipitates ( Figure 8B ). As in mTOR immunoprecipitates, an about twofold increase in phosphorylation of Akt at S473 occurred in Rictor immunoprecipitates of cells stimulated with a 2 M* which was insensitive to rapamycin but sensitive to LY294002 ( Figure 8B ). However, unlike results with mTOR immunoprecipitates, Rictor immunoprecipitates showed negligible phosphorylation of Akt at T308 ( Figure 8B ). We next assessed the requirement of cell surface GRP78 expression on activation of mTORC1 and mTORC2 by RNAiinduced downregulation of GRP78. Transfection of cells with GRP78 dsRNA significantly inhibited a 2 M*-induced upregulation of Akt T308 and Akt S473 phosphorylation in mTOR immunoprecipitates ( Figure 8C ). Silencing the expression of GRP78 by RNAi significantly inhibited phosphorylation of Akt at S473 in Rictor immunoprecipitation of 1-LN cancer cells stimulated with a 2 M* ( Figure 8D) . Similar results were observed in phosphorylation of Akt1 at S473 in Rictor immunoprecipitates of DU-145 cells treated with a 2 M* ( Figure 8E ). Pretreatment of cells with anti-GRP78 antibodies directed against its carboxyl-terminal domain before a 2 M* stimulation abrogated a 2 M*-induced increase in Akt S473 phosphorylation in 1-LN and DU-145 cells ( Figure 8D and 8E) . These results are similar to those observed in prostate cancer cells transfected with GRP78 dsRNA ( Figure 8D ). This antibody also inhibits PSA synthesis and cell proliferative signaling in prostate cancer cells (10) . These results demonstrate that a 2 M*-induced activation of mTORC1 ( Figure 6 and 7) and mTORC2 as measured by phosphorylation of Akt at S473 is dependent on cell surface GRP78 (Figure 8 and 9 ). Figure 1 ) require cell surface expression of GRP78 and PI 3-kinase/Akt/mTOR signaling. Thus like insulin and other growth factors (24,33-37,47,50, 53-55 and references therein) a 2 M* in prostate cancer cells expressing GRP78 on their cell surface promotes cancer growth. Furthermore, unlike Rapamycin but like dual active site inhibitors down regulation of cell surface GRP78 either by RNAi or by antibodies directed against the carboxyl-terminal domain of GRP78 inhibits both mTORC1 and mTORC2 activation and inhibits growth while promoting apoptosis (Figures 6, 7, 8, 9 , and References [6, 7, 9, 10, 12, [16] [17] [18] [19] Phosphorylation of Akt at T308 by PDK1 and S473 by mTORC2, respectively has been reported as interdependent or independent events [25, 26, 56, [60] [61] [62] . Targeting of mTORC2 by RNAi, homologous recombination [56, 60, 62] or long term rapamycin treatment results in the decreased Akt S473 phosphorylation [25, 26] . Long term rapamycin treatment and RNAi targeting of mTOR also results in the loss of Akt T308 phosphorylation [63, 64] . In mouse embryonic fibroblasts lacking mSIN1, phosphorylation of Akt at T308 remains intact showing its independence from Akt S473 phosphorylation. However, in Rictor and mTOR knockdown cells both Akt T308 and Akt S473 phosphorylation were attenuated suggesting an interdependence of Akt T308 and Akt S473 phosphorylation [63, 64] . In the current study, cell lysates of 1-LN transfected with Raptor dsRNA or Rictor dsRNA, were stimulated with a 2 M* or insulin ( Figure 10A and B) . Western blotting analyses and Akt kinase assays showed that phosphorylation of Akt at T308 and S473 sites were independent of each other ( Figure 10A and B) . Silencing of Rictor expression by RNAi greatly attenuated Akt S473 phosphorylation, but showed no effect on Akt T308 phosphorylation in cell lysates of 1-LN cells stimulated with either a 2 M* or insulin ( Figure 10B ). Likewise silencing of Raptor expression by RNAi greatly attentuated Akt T308 phosphorylation but showed no effect on Akt S473 phosphorylation in cell lysates of 1-LN cells stimulated with either a 2 M* or insulin ( Figure 2B ). Thus phosphorylation of Akt at T308 and S473 are independent of each other under our experimental conditions.
Phosphorylation of Akt1
Discussion
The molecular chaperon GRP78 is constitutively expressed, but its synthesis is induced by stressful conditions that perturb protein folding and assembly within the ER [5] [6] [7] [8] [9] [10] . A small pool of this newly synthesized GRP78 translocate to the cell surface from the ER in association with co-chaperon MTJ1, where it functions as a receptor for activated forms of the plasma proteinase inhibitor a 2 -macroglobulin (a 2 M*) [64, 65] . Activation of this receptor on the surface of 1-LN, and DU-145 human prostate cancer cells, and A375 melanoma cells by a 2 M* triggers pro-proliferation and prosurvival cellular responses [5] [6] [7] [8] [9] [10] ; therefore, it has been argued that upregulation of cell surface GRP78 is part of the aggressive phenotype in cancer. Consistent with this hypothesis, autoantibodies against GRP78 appear in the sera of prostate cancer patients, and they are a biomarker of aggressive behavior [13, 14] . The circulating concentration of a 2 M is about 2-5 mM and its proteinase activated form may comprise approximately 200-500 nM concentration of this pool [66] . Various tumors including aggressive prostate cancers, produce matrix metalloproteinases as well as PSA which readily convert a 2 M to a 2 M* [10, 66, 67] . Therefore, it could be envisaged that under the conditions that exist in patients harboring prostate cancer, a substantial amount of a 2 M* is available to bind to cell surface GRP78 thus triggering mitogenic signaling and promoting cellular proliferation. In our earlier reports we observed inhibition of a 2 M*-induced elevated macromolecule synthesis by use of the mTOR inhibitor rapamycin and several PI 3-kinase inhibitors. a 2 M*-stimulated cells also showed increased phosphorylated S6-Kinase and Akt 473 which is abrogated by pretreatment of cells with antibodies against the carboxyl-terminal domain of GRP78 [8] [9] [10] 12, 18] .
In the present study, we hypothesized that cellular proliferation observed in a 2 M*-stimulated prostate cancer cells (6-10) involves cell surface GRP78 and activation of mTORC1 and mTORC2 signaling in these cells. We thus elucidated mTORC1 and mTORC2 signaling in 1-LN and DU-145 prostate cancer cells. The salient points of this study are: (1) a 2 M* treatment of cells causes about a twofold increase in protein synthesis which is sensitive to rapamycin and PI 3-kinase inhibitors; (2) a concentration and time-dependent increase in p-mTOR, Raptor, Rictor, p-TSC2, Rheb, p-S6-Kinase, p-4EBP1, p-Akt T308 and p-Akt S473 is observed in a 2 M*-stimulated cells; (3) stimulation of prostate cancer cells with a 2 M* and insulin elevates mTORC1-dependent phosphorylation of S6-Kinase and 4EBP1 as determined by kinase assays and phosphorylated protein levels in mTOR and Raptor immunoprecipitates; (4) a 2 M*-induces increase in S6-Kinase and 4EBP1 phosphorylation in mTOR and Raptor immunoprecipitates is greatly suppressed by pretreatment with LY294002, rapamycin, or transfection of cells with GRP78 dsRNA and Raptor dsRNA; (5) treatment of prostate cancer cells with a 2 M* and insulin significantly elevates mTORC2 activity as measured by phosphorylation of Akt at S473 by kinase assays and phosphorylation levels in mTOR and Rictor immunoprecipitates; (6) a 2 M*-induced increase in mTORC2 activity is insensitive to rapamycin, but is significantly reduced by LY294002 and transfection of cells with GRP78 dsRNA and Rictor dsRNA in mTOR and Rictor immunoprecipitates.
Akt is activated by extracellular and intracellular stimuli to regulate survival, proliferation, differentiation, and metabolism. Full activation of Akt requires its phosphorylation at T308 in the catalytic loop by PDK1 and S473 in the hydrophobic domain by mTORC2 [22] [23] [24] [25] [26] . PI 3-kinase Akt and RAS/MAPK are most common oncogenic signaling pathways which are activated in human cancers. Both these oncogeneic signaling pathways activate mTORC1 and mTORC2, which are key regulators of cell proliferation, survival, and metabolism. mTOR is a PI 3-kinaserelated Ser/Thr kinase that integrates signals from nutrients, energy sufficiency, and growth factors to regulate cell growth, organ and body size in a variety of organisms. mTOR performs these functions by assembling two distinct complexes; namely, mTORC1 and mTORC2 that participate in different pathways and recognize distinct substrates, the specificity of which is determined by mTOR-interacting proteins. mTOR pathways are frequently deregulated in a majority of human cancers. mTORC1 controls cell growth in part by phosphorylating S6-Kinase1, and 4EBP1, which are key regulators of protein synthesis. mTORC2 phosphorylates and activates Akt1 at S473, which regulates cell proliferation, survival, and metabolism. A schematic representation of mTORC1 and mTORC2 activation promoting cellular growth in prostate cancer cell stimulated with a 2 M* is shown in Figure 11 .
Conclusion
Based on our earlier observations and our current data, we propose the following mechanism(s) by which a 2 M* promotes cell proliferation and cell survival in prostate cancer cells and possibly other malignancies. The availability of circulating or tissue-derived a 2 M regulates its conversion to receptor-recognized forms (a 2 M*) by complexing with proteinases, such as PSA. a 2 M* binds to cell surface GRP78, the availability of which is increased several fold under ER stress conditions which are prevalent in cancer tissue. Binding of a 2 M* to cell surface GPR78 causes its autophosphorylation triggering downstream signaling cascades which include RAS/MAPK, and PI 3-kinase/Akt/mTOR, which causes cellular proliferation and promotes survival. As a result, the TSC1-TSC2 complex is phosphorylated inhibiting its GAP activity towards Rheb, thus freeing it for mTORC1 activation. Likewise phosphorylation of PRAS40 and Deptor by Akt causes their dissociation from mTOR and promotes mTORC1 activation. a 2 M*-induced phosphorylation of PIP2 by PI 3-kinases promotes membrane recruitment of PDK1 and Akt1, where PDK1 phosphorylates Akt at T308 and mTORC2 phosphorylates Akt at S473 causing its full activation. This is the first demonstration of the involvement of prostate cancer cell-surface GRP78 in upregulating mTOR signaling thereby causing cancer cell proliferation and survival. These studies should be considered in the context of newer chemotherapeutic approaches for treating castration resistant prostate cancer with rapamycin analogues which target mTORC1 only [68] . Our previous studies suggest a role for a 2 M* in the progression of such tumors [10] . Moreover, as noted above, agonist auto-antibodies to GRP78, the receptor for a 2 M*, appear in patients with prostate cancer [14, 15] . These antibodies are a marker for a poor prognosis in this disease [14, 15] . We, therefore, suggest that both mTORC1 and mTORC2 may need to be targets in prostate cancer by more novel forms of therapy such as immunotherapy targeted at cellsurface GRP78. Figure 11 provides a model for the results reported in this study.
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